ment 
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PLASMA TREATMENT EQUIPMENT Further another conventional plasma treatment equipment 

is shown in FIG. 16. The plasma treatment eauiDment shown 
BACKGROUND OF THE INVENTION in FIG. 15 is a so-called doub.e wave excJZn ^ plala 

1. Field of the Invention treatment equipment, whereas, the plasma treatment equip- 

TTie present invention relates to plasma treatment equip- 5 llf t ^ " V^t wav ^^ C ! t r ation *P e 
ent y ^ v plasma treatment equipment. As shown in FIG. 16, the high 

"r. . . . _ , - . frequency power is supplied only to the cathode 4, and the 

2. Description of Related Art suscepter electrode 8 is grounded. There is no high fre- 
Plasma treatment equipment shown in FIG. 12 has been quency power source 15 and no matching box 14 (like that 

known heretofore as plasma treatment equipment. io shown in FIG. 15). The DC potential of the suscepter 

In the plasma treatment equipment, a matching circuit is electrode 8 is the same as that of the chamber wall 10. 

provided between a high frequency power source 1 and a However, it is found as the result of detailed study of the 

plasma excitation electrode 4. The matching circuit is a conventional plasma treatment equipment that the power 

circuit for matching the impedance between these high consumption efficiency (proportion of the power consumed 

frequency power source 1 and the plasma excitation elec- 15 in plasma to the power supplied to a plasma excitation 

trode 4 electrode 4) is not necessarily high, and particularly the 

The high frequency power is supplied from the high power consumption efficiency decreases remarkably as the 

frequency power source 1 to the plasma excitation electrode frequency supplied from a high frequency power source 

4 by way of a matching circuit and through a feeder plate 3. increases. Also it is found by the inventors of the present 

These matching circuit and feeder plate 3 are contained in 2 ° inven ^ ion lhat the decrease in efficiency becomes more 

a matching box 2 formed of a housin g/ 21 consisting of remarkable 35 the base plate size increases, 

conductive material. ' In conventional plasma treatment equipment shown in 

A shower plate 5 having a number of holes 7 is provided ? lG ' - 12, F } G 14 ' FIG 15 > and F1G " 16 ' the suscepter 

under the plasma excitation electrode (cathode) 4 and a 25 ! m P edance (impedance between the suscepter and chamber) 

space 6 is denned by the plasma excitation electrode 4 and * ' gh J and the im P edance increases more as the frequency 

the shower plate 5. A gas guide pipe 17 is provided to the ° f hlgh frec ! uenc y P ower supplied from the high frequency 

space 6. Gas introduced from the gas guide pipe 17 is P ° WCr SOUrCC 1 or 15 increases - In o*er wo ^s, the imped- 

supplied to a chamber 60 defined by a chamber wall 10 a " Ce de P ends on the frequency. As a result, the high fre- 

through the holes 7 of the shower plate 5. 9 denotes an 30 qUCnCy CUrrent of tbe plasma ' which is connected to the 

insulator for insulation between the chamber wall 10 and the su f ^P 1 " impedance, decreases and the power consumption 

plasma excitation electrode (cathode) 4. An exhaust system ^ fficienc y decreases remarkably as the frequency of high 

is omitted in this drawing. frequency power supplied from the high frequency power 

n n tUa Atu» u a ' »u i i „ source 1 increases. 

On the other hand, in the chamber 60, a wafer suscepter 

(suscepter electrode) 8 serves as a plasma excitation elec- 35 ™ power consumption efficiency is checked by a 

trode having a base plate 16 placed thereon is provided, and method 88 descnbed hereio unde ^- 

a suscepter shield 12 is provided on the periphery of the chamber wall of plasma treatment equipment is 

wafer suscepter 8. The wafer suscepter 8 and suscepter replaced with an equivalent circuit comprising a concen- 

shield 12 are vertically movable by means of a bellows 11 trated constant circuit. 

so that the distance between the plasma excitation electrodes 40 0) Constants of circuits are determined by measuring the 

4 and 8 is adjustable. impedance of chamber components using an impedance 

The second high frequency power source 15 is connected analyzer, 

to the wafer suscepter 8 through the matching circuit con- (3) The impedance of the whole chamber during discharge 

tained in a matching box 14. The DC potential of the is measured by utilizing the relation that the impedance of 

chamber is the same as that of the suscepter shield 12. 45 the whole chamber during discharge is in complex conjugate 

Another conventional plasma treatment equipment is to me impedance of the matching box provided with a 50 Q 

shown in FIG. 14. dummy load on the input side. 

The plasma treatment equipment shown in FIG. 12 is a W ^ P lasm a space is regarded as a series circuit of a 
so-called double wave excitation type plasma treatment 50 distance R and capacitance C, and constants are calculated 

equipment, whereas, the plasma treatment equipment shown from values obta ined in (2) and (3). 

in FIG. 14 is a single wave excitation type plasma treatment ( 5 ) Based on the equivalent circuit model of the chamber 

equipment. As shown in FIG. 14, the high frequency power during discharge obtained by means of the above-mentioned 

is supplied only to the cathode 4 and the suscepter electrode method, the circuit calculation is performed and the power 

8 is grounded. Unlike the plasma treatment equipment 55 consumption efficiency is derived. 

shown in FIG. 12, there is no high frequency power source As described herein above, the conventional plasma treat- 

15 and no matching box 14. The DC potential of the ment equipment is disadvantageous in that the film forming 

suscepter electrode 8 is the same as that of the chamber wall speed is low due to low power consumption efficiency and 

it is difficult to form an insulating film with high dielectric 

Yet another conventional plasma treatment equipment is 60 stren gth when a insulating film is formed, 

shown in FIG. 15. There is no shower plate in the plasma The inventors of the present invention have studied the 

treatment equipment shown in FIG. 15, and the cathode 4, cause of low power consumption efficiency. As the result, 

which serves as a plasma excitation electrode, is disposed so the cause of the low power consumption efficiency described 

as to face directly to the wafer suscepter 8. A shield 20 is herein under has been found. 

provided on back side periphery of the cathode 4. This 65 In detail, first, in the suscepter electrode 8 side of the 

plasma treatment equipment has the same structure as that conventional plasma treatment equipment shown in FIG 12 

shown in FIG. 12 excepting the above-mentioned points. as shown by an arrow shown in FIG. 13 which is an enlarged 
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view of the suscepter electrode 8 shown in FIG. 12, the high Furthermore, the chamber side shorted part is located 

frequency power is supplied from the high frequency power desirably within a length of 500 mm from the chamber side 

source 1 to a coaxial cable, the matching circuit, the feeder wall in the horizontal direction from the same view point 

plate 3, and the plasma excitation electrode (cathode) 4, On described herein above. 

the other hand, in the case that the path of the high frequency 5 In order to reduce the high frequency resistance of the 
current is addressed, the current passes the plasma space path of the high frequency current through the above- 
chamber 60) through these components, and the other mentioned shorted part to reduce the power loss by the 
electrode (suscepter electrode) 8, the vertical part of shield shorted part, the above mentioned shorted part comprises a 
12, the bellows 11, the bottom 10b of the chamber wall 10 plurality of shorted parts. 

and the sidewali 10s of the chamber wall 10. Then, the 10 Plasma treatment equipment of the present invention is 

current passes the housing of the matching box 2 and returns characteristic in that a chamber wall and a shield of an 

to the earth of the high frequency power source L electrode of the same DC potential as the chamber are AC 

t . . ' , . „ A . shorted. The above-mentioned shorted part is desirably 

In the plasma treatment equipment shown m FIG. 14, the ^ ^ sQ ^ ^ short fa localed % proximatdy * 

high frequency power from the high i frequency power source point symmetric ally with respect to the center of the 

lis supplied through the coaxial cable, the matching circuit, 15 electrodCj and thereby the path where the high frequency 

and the feeder plate 3 and to the cathode 4. On the other current flows is uniformed and plasma treatment effect is 

hand, m the case that the path of the high frequency current distributed uniformly on an object to be treated which is 

is addressed, the current passes to the plasma space through located at the center of the electrode, 

these components, further to the other electrode (suscepter The above-mentioned shorted part is desirably disposed 

electrode) 8, the shaft 13, the bottom 106 of the chamber 20 ^ mat the snort pomt ^ {qc^^ approximately at point 

wall 10, and the side wall 10s of the chamber wall 10. Then, symmetrically with respect to the center of the shield, and 

the current passes through the housing of the matching box thereby the path where the high frequency current flows is 

2 and returns to the earth of the high frequency power source uniformed and plasma treatment effect is distributed uni- 

1- formly on an object to be treated which is located at the 

However, in the conventional plasma treatment equip- 25 center of the electrode, 
ment shown in FIG. 12 and FIG. 14, the going current The present invention provides a novel impedance mea- 
though the vertical part of the shield 12 and the returning surement tool. The impedance measurement tool is provided 
current through the chamber side wall 10s are in parallel with a probe comprising a conductor, an insulating sheath 
relation because the shaft 13 (or the vertical part of the shield coated on the conductor, and a peripheral conductor coated 
12 of the suscepter electrode 8) is parallel to the chamber 30 on the insulating sheath, and a testing tool comprising a 
side wall 10s, and the parallel relation results in increased plurality of lead wires electrically connected to the periph- 
mutual inductance. As the result, the power consumption eral conductor of the probe and disposed radially from the 
efficiency is decreased, and the film forming speed is center of the probe and detachable terminals provided on the 
reduced or the film quality is deteriorated. The influence of free ends of the respective lead wires for detaching from the 
the mutual inductance is larger as the base plate 16 is larger 35 object to be measured, wherein the impedance of all series 
and consequently as the distance between the feeder plate 3 components from the probe to the detachable terminal 
and the housing of the matching box 2 is larger, and through the lead wire are equalized each other, 
particularly the influence is remarkable in the case of the By using the measurement tool having the above- 
base plate size of 80 to 100 cm, mentioned structure, the impedance which will be during 

Such finding associated with the above-mentioned prob- plasma treatment is measured correctly without restriction 

lem was found first by the inventors of the present invention. on the distance between two points to be measured though 

_ _ the object to be measured is large. 

SUMMARY OF THE INVENTION A J ... f1 . . h tAt . f 

A plurality or lead wires are connected to a plurality ot 

The present invention was accomplished to solve the 45 points of an object to be measured respectively to reduce the 

above-mentioned problem and it is the object of the present impedance of the above-mentioned testing tool. As the 

invention to provides plasma treatment equipment having a result, the proportion of the impedance of an object to be 

small susceptance impedance with low frequency depen- measure to the impedance of the whole measurement system 

dency and high power consumption efficiency which is including the object to be measured becomes high, and the 

capable of forming a film of excellent quality at a film 5Q impedance is measured at higher accuracy, 

forming speed higher than that of the conventional plasma The impedance measurement tool of the present invention 

treatment equipment. may have the above-mentioned testing tool which is 

Plasma treatment equipment of the present invention is attached to the probe so as to be detachable from the probe 

characteristic in that a chamber wall and an electrode of the with interposition of a probe attachment to which the other 

same DC potential as the chamber are AC shorted. 55 respective ends of the plurality of lead wires are electrically 

Such shorting structure allows a high frequency current to connected, 

pass the shorted part where the mutual inductance with the In the case of the structure as described herein above, 

chamber wall is smaller than the vertical part of the elec- various testing tools have been prepared previously, the 

trode. The mutual inductance of the high frequency current impedance of various objects to be measured with various 

path is reduced and the consumption efficiency of the high 60 s ^- cs an< * various configuration are measured by use of the 

frequency power supplied to the path is significantly same probe with changing a testing tool depending on the 

improved. object to be measured. 

It is necessary that the above-mentioned shorted part is The above-mentioned plurality of lead wires are desirably 

located as near as possible to the chamber wall in order to connected electrically to each other at the midway of the 

reduce the mutual inductance effectively, the shorted part is 65 respective lead wires with another lead wire, 

located desirably within a length of 500 mm from the The number of paths of the measurement current is 

chamber wall side in horizontal direction. increased by employing the structure described herein 
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above, and the impedance of the above-mentioned testing shown in FIG. 1 by use of the impedance measurement tool 

tool is reduced- As the result, the proportion of the imped- shown in FIG. 17. 

ance of an object to be measure to the impedance of the piG. 22 is a perspective view for showing the third 

whole measurement system including the object to be mea- embodiment in accordance with the impedance measure- 

sured becomes high, and the impedance is measured at 5 me nt tool of the present invention. 

higher accuracy. Pj G 23 is a perspective view for showing the probe used 

BRIEF DESCRIPTION OF THE DRAWINGS for the impedance measurement tool shown in FIG. 17, FIG. 

18, and FIG. 22. 

FIG. 1 is a cross sectional view of plasma treatment 

equipment in accordance with the first embodiment of the 10 DETAILED DESCRIPTION OF THE 

plasma treatment equipment. PREFERRED EMBODIMENTS 

FIG. 2 is an enlarged view of the structure near a suscepter 

electrode. First Embodiment of Plasma Treatment Equipment 

J?™ 3 * iS a , Partial I iCW ° f L a meS , h T tal Pkte a ° d 15 FIG. 1 shows an embodiment of plasma treatment equip- 

FIG. 3B is a plan view of the mesh metal plate. ment m accordance ^ the presenl iaveQ tion. In this 

FIGS. 4A and 4B are graphs for showing the measurement plasma treatment equipment, metal plates 80a and 806 AC 

result in accordance with the first embodiment of the plasma snort between the chamber 10 and the shield 12 of the 

treatment equipment and a conventional example. electrode having the same DC potential as that of the 

FIG. 5 is a cross sectional view of plasma treatment 2 o chamber, 

equipment in accordance with the second embodiment of the pjQ. 2 shows the detail of the wafer suscepter electrode 

plasma treatment equipment. g s i de 

FIG. 6 is a graph for showing the relation between the , Q {he present embodiment, the chamber 10 and the shield 

distance from a metal plate to a chamber wall and the mutual 12 are AC shorted at two locations. Both one ends of the 

inductance. 25 respective metal plates 80a and 806 which are elastic springs 

FIG. 7 is a graph for showing the influence of the number are connected to the short points Bl and B2 on the bottom 

of provided metal plates. 106 of the chamber 10, and the other ends are both con- 

FIG. 8 is a cross sectional view for showing a part of nected to the short points Al and A2 on the shield 12 for 

plasma treatment equipment in accordance with the fifth shorting. The short points Bl and B2 are located near the 

embodiment of the plasma treatment equipment. 30 outermost of the shield 12 so that the distance to the side 

FIG. 9 is a cross sectional view for showing a part of wall lfts of the chamber wall 10 is set as short as possible, 

plasma treatment equipment in accordance with the sixth In other words, the short points Bl and B2 are set preferably 

embodiment of the plasma treatment equipment. at the nearest point to or near the nearest point to the side 

FIG. 10 is a cross sectional view of plasma treatment 35 wal1 105 of the chamber wall 10. 

equipment in accordance with the seventh embodiment of Inconel 625 (brand name) is preferably used as the 

the plasma treatment equipment. material of the metal plate in the view point of reduced gas 

FIG. 11 is a cross sectional view for showing plasma release in vacuum, and a metal plate of the size 20 mmx40 

treatment equipment in accordance with the eighth embodi- cmx0.3 mm is used in this embodiment, 

ment of the plasma treatment equipment. 40 Though a plate form material is used in the present 

FIG. 12 is a cross sectional view of plasma treatment embodiment, a mesh form material may be used preferably, 

equipment in accordance with a conventional example. Turtle back form material and lattice from material as shown 

FIG. 13 is a partially enlarged view of the suscepter m FIG 3A mav be uscd Inferably among mesh form 

electrode and periphery thereof shown in FIG. 12. materials. A cylindrical mesh form metal plate is preferably 

™~ . . r . . disposed along the periphery of the suscepter shield 12. FIG. 

FIG. 14 is a cross sectional view of plasma treatment 45 r . *• i • i *. i- * * • cr^ 1 

, . , 4l _ , 3 B is a cross sectional view along the line 3 — 3 in FIG. 1, 

equipment in accordance with another conventional ... t , . t c jc^^i^ic 

i m which metal plates formed of turtle back form mesh are 

^ ' disposed instead of the metal plates 80a and 80/?. Exhaustion 

FIG. 15 is a cross sectional view of plasma treatment of gas m the chamber fc nQt distur5ed and me flow of mgh 

equipment in accordance with another conventional ^ frequency current is uniformed because the metal plate is 

example. mes k f orm Furthermore the turtle back form mesh is elastic 

FIG. 16 is a cross sectional view of plasma treatment and easy to follow the vertical motion of the bellows, 

equipment in accordance with another conventional la the present embodiment, the short points Al and A2 on 

example. me sme j d j2 are set immediately above the short points Bl 

FIG. 17 is a diagram for showing the first embodiment in 55 and g2. 

accordance with the impedance measurement tool of the - .„„■ r _„ . 

resent invention plasma treatment equipment of the present 

P 1 embodiment, the high frequency power is supplied from the 

FIG. 18 is a diagram for showing the second embodiment ^ frequency power source 1 to the coaxial cable, match- 
in accordance with the impedance measurement tool of the mg circuit> feeder plate 3, and plasma excitation electrode 
present invention. 60 ( cat h ode ) 4. This plasma treatment equipment is the same as 

FIGS. 19A and 19B are graphs for showing the result me conventional plasma treatment equipment in this point, 

measured by use of the impedance measurement tool shown On the other hand, in the case that the path of the high 

in FIG. 17 and a conventional example. frequency current is addressed, a current passes the plasma 

FIG. 20 is a graph for showing the result measured by use space (chamber 60) through these components, and passes 

of the impedance measurement tool shown in FIG. 17. 65 the other electrode (suscepter electrode) 8, the horizontal 

FIG. 21 is a diagram for describing a method for mea- part of the shield 12, metal plates 80a and 806, the bottom 

suring the impedance of the plasma treatment equipment 10b of the chamber wall 10, and the side wall 10s of the 
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chamber wall 10. Then the current passes the housing of the large from around 350 mm, and the rate of reduction 

matching box 2, and returns to the earth of the high becomes larger from around 200 mm. 

frequency power source 1. Accordingly, it is preferable that the distance between the 

In the conventional plasma treatment equipment, the high short point and the chamber side wall is 500 mm or shorter, 

frequency current passes the vertical part of the shield 12. 5 the distance of 350 mm or shorter is more preferable, and the 

The increment of the size of the base plate 16 involves the distance of 200 mm or shorter is further more preferable, 

increment of the distance between the shield 12 and the The most preferable distance is the shortest distance from 

chamber wall. The mutual inductance caused from a high the chamber side wall 10s or near the shortest distance, 
frequency current which is flowing in the shield 12 and the 

chamber side wall 10s increases as the distance between the 10 Fourth Embodiment of Plasma Treatment 

shield 12 and the chamber side wall 10s increases. As a Equipment 

result the power consumption efficiency decreases. „, . a c , , , , , .,, 

Ua „ fn A t /\ \*u*™ ♦ . « The influence of the number of metal plates to be provided 

1 neretore, the conventional plasma treatment equipment ^ stU( j jec j 

having a large sized base plate is haunted by low power 

consumption efficiency 15 In detail, the magnitude of inductance is measured by 

On the other hand, in the plasma treatment equipment in chaQ / D S th ? DUmber ^ P^ed metal plates. Metal plates 

accordance with the present embodiment, becaiL the high are * s P 0S f d approximately in point symmetry with respect 

frequency current passes the metal plates 80a and 806 which 10 me cenler 0t me smcia 

are located nearer to the chamber wall 10s than the vertical ^ result B shown m FIG - 7 - 

part of the shield 12, the mutual inductance is significantly 20 As shown in FIG. 7, the inductance decreases with 

reduced and the power consumption efficiency is signifi- increasing the number of metal plates, however the rate of 

cantly increased. reduction is the same for both four metal plates and eight 

An insulating film consisting of silicon nitride was formed metal P lales - In other words > the inductance reduction satu- 

by use of equipment shown in FIG. 1 and equipment shown rates at four metal P lates - Accordingly, four metal plates are 

in FIG. 12, and the power consumption efficiency was preferable. Addressing the fact that the path of high fre- 

measured. As a result, the power consumption efficiency of quency current is uniform and the object to be treated which 

the equipment shown in FIG. 1 was double that of the is placed on the center of the electrode is subjected to plasma 

equipment shown in FIG 12. treatment effect uniformly when the square electrode is used, 

<-p« • j * t*i_ 1 a four or eight metal plates are preferably provided. 

The suscepter impedance was measured. The results are 30 6 r 

shown in FIG. 4. FIG. 4A shows the result obtained by the fm EmbodimeDt of Plasma Treatment Equipment 
plasma treatment equipment (conventional) shown in FIG. 

12 and FIG. 4B shows the result obtained by the plasma The fifth embodiment is shown in FIG. 8. 

treatment equipment shown in FIG. 1. ^ pre sent example is an example in which a metal plate 

As shown in FIG. 4, the suscepter impedance of the 35 80a is provided inclined. In detail, one end of the metal plate 

plasma treatment equipment in accordance with the present 80a is shorted at the point Bl on the shield 12 located nearest 

embodiment is much smaller than that of the conventional to the chamber side wall, and the other end of the metal plate 

plasma treatment equipment, and also the frequency depen- 80a is shorted at the point Al on the chamber side wall not 

dency is small. immediately under Bl, as the result the metal plate is 

40 disposed inclined. In the case that a metal plate SOa is 

Second Embodiment of Plasma Treatment disposed inclined, the inclination angle 6 is preferably 

Equipment smaller than 45 degrees to suppress the mutual inductance 

FIG. 5 shows plasma treatment equipment in accordance low - 

with the second embodiment. The power consumption efficiency of the fifth embodi- 

The present embodiment is an example in which metal 45 menl is ^gjicr than that of the first embodiment, 
plates 80a and 80b are provided to the plasma treatment 

equipment shown in FIG. 14, namely, a single wave exci- Sbcth Embodiment of Plasma Treatment Equipment 

tation type plasma treatment equipment. FIG. 9 shows the sixth embodiment. 

In detail, the metal plates 80a and SOb AC short between 5Q , n the present example> the metal plate 80fl is disposed 

the chamber wall 10 and the electrode (suscepter electrode) approximately perpendicular to the chamber side wall 10s, 

8 having the same DC potential as the chamber. The present m other words> disposed approximately horizontal to the 

embodiment is the same as the first embodiment excepting suscepter electrode 8 

the above-mentioned point. ^ . «- . . , , r 

r The power consumption efficiency is higher than that of 

Third Embodiment of Plasma Treatment Equipment 55 me fifth embodiment. 

In the present example, the influence of the position where Seventh Embodiment of Plasma Treatment 

the metal plate is provided is studied. Equipment 

In detail, in the equipment shown in FIGS. 1 and 2, the 

short points Bl and B2 of the metal plate on the chamber 6 o FIG ' 10 shows the seventh embodiment < 

wall 10 are located immediately under the short points Al The present example is an example in which a metal plate 

and A2 of the metal plate on the shield 12, and the magnitude is provided in the conventional plasma treatment equipment 

of the mutual inductance is measured by changing the shown in FIG. 15. 

distance x from the short point to the chamber side wall lfts. The present embodiment is the same as that of the first 

The result is shown in FIG. 6. As shown in FIG. 6, the 65 embodiment excepting the above-mentioned point. The 

inductance begins to decrease from the distance x of 500 mm plasma treatment equipment in accordance with the present 

with decreasing the distance x, the rate of reduction becomes example is superior in power consumption efficiency, film 
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forming speed, and dielectric strength to the conventional able size of an object to be measured or the measurable 

plasma treatment equipment shown in FIG. 15. length between two points is limited because of the con- 

_. , , j . _ M ^ figuration of the probe. 

Eighth embodiment of Plasma Treatment „ . e . . . . . . . 

Eau ome Heretofore, to solve this problem, a method m which a 

p 5 lead wire having a length corresponding to the size of an 

FIG. 11 shows the eighth embodiment. object to be measured or the length between two point 

The present example is an example in which a metal plate attached to the earth side of the probe is used as a fixture and 

is provided in the conventional plasma treatment equipment the residual impedance is corrected has been known as the 

shown in FIG. 16. most simple method. 

The present embodiment is the same as the first embodi- 10 However, the above-mentioned conventional fixture is 

ment excepting the above-mentioned point. involved in a problem as described herein under. 

The plasma treatment equipment in accordance with the (*) Because a current flows asymmetrically through an 

present example is superior in power consumption oh ^ x to be measured, the impedance of the object to be 

efficiency, film forming speed, and dielectric strength to the measured is measured only partially and the correct imped- 

conventional plasma treatment equipment shown in FIG. 16. ance ^ not measured. 

In the invention described herein above, it is possible to < 2 ) Because the current is restricted by the impedance of 

improve the power consumption eflBciency to the higher an earth wire attached as a fixture, the low impedance is 

level in comparison with the conventional plasma treatment measured not correctly. 

equipment by reducing the impedance. 20 The inventors of the present invention invented a novel 

However the desired power consumption efficiency level impedance measurement tool which can measure the imped- 

is not achieved yet ance w ithout restriction on the size of an object to be 

The inventors of the present invention studied the cause, ° r ,he len (f b f tw f«" lw ° P°inls and with a 

and concluded that the cause was attributed to the imped: current "°T g ,,T ^ j hrou ^ the „ ob J ect l ° * 

~ M ~c *u w u e i j « . ■ j _ _ measured, and which can be designed so that the residual 

ance of the high frequency power source 1 and the imped- 25 . ' °7 

«p *u . u- • i impedance value does not affect the measurement of the 

ance or the matching circuit. . r , <«« «. « , 

. . , impedance of the object to be measured. 

In detail, the base plate size has been smaller than 80 cm, 

the plasma density has been not high, and the used frequency First Embodiment of Impedance Measurement Tool 

has been 13.56 MHz in the conventional plasma treatment The first embodiment of an impedance measurement tool 

equipment, as the result, the impedance of the high fre- 30 in accordance with the present invention is described with 

quency power source and the impedance of the matching reference to FIG. 17. This fixture is provided with a plurality 

circuit have not influenced the power consumption effi- of lead wires 101a to lOl/i of the same impedance having 

ciency. However, the inventors of the present invention have respective one ends connected to the probe attachment 104. 

concluded that the impedance of the high frequency power The probe attachment 104 is formed of, for example, a 

source and the impedance of the matching circuit can not be 35 copper plate having a size of 50 mmxlO mmx0.5 mm so as 

negligible in the situation that the high plasma density is to have a clamp 106 and a ring. The diameter of the ring is 

used, the large sized base plate is used, and the frequency formed so as to fit on the outside of the probe 105. 

higher than 13.56 MHz is used. The resistance value of the one en dsof the lead wires 101a to lOl/i are connected 

conventional high frequency power source is 50 Q. electrically to the probe attachment 104 by soldering or the 

A test was conducted based on this idea. As the result, it like, 

was found that the power consumption efficiency was Detachable terminal (crimp-style terminal) 102a to 102/* 

improved when the resistance value of the high frequency are attached on the other ends of the lead wires 101a to 101A 

power source was smaller than 50 Q and the resistance value f or attaching to the object to be measured, 

of the matching circuit was smaller than 50 Q in the case that When this fixture ^ usedj the be 105 is insefted ^ the 

the frequency higher than 13.56 MHz was used. Particularly, ring m of thc probe attachment 104 and the clam 106 is 

10 Q or smaller is more preferable. tightened. The respective crimp-style terminals 102a to 

The fixture (testing tool) is used for the impedance 102/» of the lead wires 101a to 101^ are screwed with screws 

measurement tool and the impedance measurement method H4 detachably on the object to be measured so as to be 

of a plasma equipment used for manufacturing 5Q symmetric as shown in FIG. 21. The probe 105 comprises a 

semiconductors, LCD, and MR heads. i ea d wire 110, an insulating sheath 112 provided outside the 

Prior art of the fixture is described herein under. lead wire 110, and a peripheral conductor 111 provided on 

A plasma equipment for generating plasma by means of the insulating sheath 112 (see FIG. 23). The probe 105 is 
glow discharging using a high frequency power source has < connected to an impedance measurement tool not shown in 
been used in film forming process and etching process. In 55 the drawing through a coaxial cable, 
such process, impedance which is parasitic in the equipment The lead wires 101a to 101H consist of, for example, 
results in reduced effective power ratio, which indicates the aluminum, copper, silver, or gold, otherwise may comprise 
ratio of the power effectively used in plasma space to the plated layers having a thickness of 50 fxm or thicker con- 
supplied power, and the reduced power ratio adversely sisting of silver or gold. 

affects the film forming speed and the dielectric strength of 60 The fixture is arranged as described herein above, and the 

film and causes reduced productivity and deteriorated film impedance of the object to be measured is measured. The 

quality. To improve these disadvantages, it is necessary to result is shown in FIG. 19. FIG. 19A shows the result of the 

measure the impedance which is parasitic in the equipment conventional example, and FIG. 19B shows the result of the 

quantitatively. present example. In the conventional example shown in FIG. 

To measure the impedance which is parasitic in the 65 19A is measured by use of the probe 105 shown in FIG. 23. 

equipment, an impedance analyzer having coaxial probe or The impedance Z is represented by coL-l/u)C, a hyperbola 

an network analyzer has been used. However, the raeasur- represented by 1/coC and a straight line represented by (oL 



